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Abstract

out the year.

Background: This study aimed to assess the seasonality of confirmed malaria cases in Togo and to provide new
indicators of malaria seasonality to the National Malaria Control Programme (NMCP).

Methods: Aggregated data of confirmed malaria cases were collected monthly from 2008 to 2017 by the Togo's
NMCP and stratified by health district and according to three target groups: children <5 years old, children > 5 years
old and adults, and pregnant women. Time series analysis was carried out for each target group and health district.
Seasonal decomposition was used to assess the seasonality of confirmed malaria cases. Maximum and minimum
seasonal indices, their corresponding months, and the ratio of maximum/minimum seasonal indices reflecting the
importance of malaria transmission, were provided by health district and target group.

Results: From 2008 to 2017, 7,951,757 malaria cases were reported in Togo. Children <5 years old, children > 5 years
old and adults, and pregnant women represented 37.1%, 57.7% and 5.2% of the confirmed malaria cases, respectively.
The maximum seasonal indices were observed during or shortly after a rainy season and the minimum seasonal
indices during the dry season between January and April in particular. In children <5 years old, the ratio of maximum/
minimum seasonal indices was higher in the north, suggesting a higher seasonal malaria transmission, than in the
south of Togo. This is also observed in the other two groups but to a lesser extent.

Conclusions: This study contributes to a better understanding of malaria seasonality in Togo. The indicators of
malaria seasonality could allow for more accurate forecasting in malaria interventions and supply planning through-
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Background

Malaria is an infectious disease caused by Plasmodium
parasites that are transmitted to people through the
bites of infected female Anopheles mosquitoes [1]. In
2019, the World Health Organization (WHO) estimated
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215 million malaria cases and 348,000 malaria deaths for
the African Region, which accounted for 94% of cases
and deaths worldwide [2]. Of the five parasite species that
cause malaria in humans, Plasmodium falciparum is the
most prevalent in sub-Saharan region [1, 3]. In 2018, it
was responsible for 99.7% of estimated malaria cases in
the WHO African Region [4]. Children under 5 years old
and pregnant women are at higher risk of adverse malaria
outcomes such as severe malaria [5]. The most common
manifestations of severe malaria in children are cerebral
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malaria or severe malarial anaemia [6]. Malaria deaths
occurs mainly in African children under 5 years old. In
2019, 67% of total malaria deaths were estimated in chil-
dren under 5 years old [2]. In pregnant women, Plasmo-
dium falciparum infection increases the risk of maternal
anaemia, miscarriage, stillbirth, foetal growth restriction,
low birthweight, prematurity and neonatal mortality [7].
Despite the overall decline of malaria in Africa, malaria
transmission is also characterised by spatial and temporal
variations between and within countries [2, 3, 8].

The Global Technical Strategy for Malaria 2016—2030
report recommends that National Malaria Control Pro-
grammes (NMCP) analyse past malaria incidence data,
risk factors related to the human host, parasites, vectors
as well as the environment in order to inform national
malaria control interventions [9]. Spatial and temporal
analysis of malaria data can be a decision-making tool in
order to better understand the heterogeneity of malaria
transmission in a country, to guide malaria control pro-
grammes and to increase the efficiency of interventions
[3, 10, 11]. Malaria transmission in West Africa, except
for Algeria and Cabo Verde, is year-round with high sea-
sonality in the Sahelian countries [2]. A conducive envi-
ronment such as rainfall, high temperature and humidity
is required for malaria transmission between the mos-
quito vector and its human host [12]. In the scientific lit-
erature, the seasonality of malaria is generally described
by associating malaria data with climate data, instead of
describing malaria seasonal patterns per se [13].

In Togo, the numbers of reported malaria cases and
deaths were 2.4 million (99.0% of falciparum malaria) and
1275 in 2019, respectively [2]. For the last 15 years, large-
scale interventions have been implemented by Togo’s
NMCP to prevent malaria in target groups. For exam-
ple, long-lasting insecticidal nets (LLINs) are distributed
in routine medical visits among pregnant women and
children under 1 year old, intermittent preventive treat-
ment during pregnancy is provided, and a distribution
of seasonal malaria chemoprevention (SMC) is imple-
mented from July to September or October in children
aged 3—-59 months in the three northern regions of Togo
(Savanes, Kara, Centrale). Malaria time series analysis is
scarce in Togo. In 2012, Landoh et al. published a study
on malaria morbidity and mortality from 2005 to 2010
in Est Mono district, Togo [14]. Most recently, Bakai
et al. investigated the trend of reported malaria cases
and deaths from 2008 to 2017 in the six health regions
of Togo [15]. These two studies briefly addressed the sea-
sonality of malaria but did not analyse it in-depth.

This study aimed to assess the seasonality of confirmed
malaria cases from 2008 to 2017 by health district and
target group in Togo, and to provide new indicators of
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malaria seasonality to the NMCP in order to avoid stock-
outs of malaria commodities in health facilities during
high malaria transmission.

Methods

Setting

Togo is a West African country with a total area of
56,785 km® [16] and 8.08 million inhabitants in 2019 [17].
The Togolese health system has a pyramidal structure
with three levels: the Central Level which includes the
NMCP, the Regional Level which includes health regions
and the Peripheral Level which includes health districts
and peripheral care units. From 2008 to 2012, Togo had
five health regions (from north to south: Savanes, Kara,
Centrale, Plateaux, Maritime) and 35 health districts.
From 2013 to 2017, Togo had six health regions (crea-
tion of Lome-commune) and 40 health districts. Figure 1
shows the health maps of Togo during the study period.
Togo has a tropical climate and is subdivided into two cli-
mate zones from the 8th parallel [18]. In the north, the
climate is Sudanese type with a long rainy season from
May to October. In the south, the climate is Guinean
type, characterised by two rainy seasons from April to
July and September—October.

Data source and definition

Aggregated data of confirmed malaria cases collected
routinely by the NMCP of Togo were analysed in this
study. Data were collected monthly from January 2008
to December 2017 and stratified by health district and
according to three target groups: (1) children <5 years
old, (2) children >5 years old and adults (without preg-
nant women), and (3) pregnant women. A detailed
description of the Togolese health system and the routine
collection of these data is presented elsewhere [15]. A
confirmed malaria case is defined as a person with fever
or history of fever (temperature >38.0 °C) over the past
2 days and who has a positive malaria diagnostic test by
microscopy or rapid diagnostic test (RDT).

Statistical analysis

Observed time series showed the presence of two artifi-
cial peaks in September 2012 and September 2016, due
to an increase in the number of active screenings during
one-off campaigns. An imputation by spline interpolation
was performed to replace the values of these two artifi-
cial peaks (Additional file 1: Fig. S1). Time series analy-
sis was carried out for the three target groups and the 35
health districts as defined during the period 2008-2012
(total of 105 time series). For each time series, the change
of the number of confirmed malaria cases according to
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Fig. 1 Health maps of Togo during the study period, 2008-2017
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the month of the year during the period 2008—-2017 was
described using box plots.

A decomposition procedure based on locally-weighted
regressions, known as STL decomposition [19], was used
to decompose the time series into seasonal, trend-cycle
and irregular components in order to assess the yearly sea-
sonality of the number of confirmed malaria cases. The

multiplicative model was used for all the time series. The
mean absolute error (MAE) was in favour of a better fitting
of the multiplicative model in comparison to the additive
model for 86 of the 105 time series [20] (Additional file 1:
Table S1). For the other 19 time series, the MAE differ-
ence between the two models was small. The multiplicative
model is written as follows:
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Y; = T; x S x e < log(Y,) = log(Ty) + log(S;) + log(er)

Y; is the number of confirmed malaria cases at time
t; Tt, St and e; are the trend-cycle, the seasonal and the
irregular components at time t, respectively. This model
assumes that the seasonal component is constant from
year to year. The stationarity of residuals was checked
using autocorrelograms and the Augmented Dickey—
Fuller test. These two methods showed no deviation from
the stationarity assumption of the model for each time
series (Additional file 1: Fig. S2).

The seasonal component is composed of 12 values
called seasonal indices, estimated by the exponential of
log(Sy), that is S;. Each value corresponds to a month of
the year and is a multiplicative factor of the seasonally
adjusted time series. Time series without seasonal vari-
ation have a seasonal index of 1. For each health district
and target group, several indicators of malaria season-
ality were extracted from the seasonal component: the
maximum and minimum seasonal indices and their cor-
responding months, and the ratio of the maximum sea-
sonal index to the minimum seasonal index. This ratio
allows to quantify the amplitude of the variation in the
number of confirmed malaria cases between the month
with the minimum seasonal index and the month with
the maximum seasonal index. It can be used as an indica-
tor of the importance of malaria transmission.

A sensitivity analysis was undertaken to assess the
effect of alternative imputation strategies on malaria
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seasonality indicators. The decomposition procedure was
performed using the original time series (no imputation)
and the time series after imputation of the values of the
two artificial peaks by last observation carried forward.

All statistical analyses were performed using R software
version 4.0.3 [21]. The decomposition procedure was car-
ried out using the st/ function of the stats package.

Results

Confirmed malaria cases

From 2008 to 2017, 7,951,757 malaria cases were
reported in Togo (Table 1). Confirmed malaria cases
increased from 291,362 cases in 2008 to 1,204,192 cases
in 2017. Children <5 years old, children >5 years old
and adults, and pregnant women represented 37.1%,
57.7% and 5.2% of the confirmed malaria cases, respec-
tively. The median number of confirmed malaria cases
ranged from 12,480 in March to 36,832 in July in children
<5 years old, from 18,595 in March to 44,270 in Novem-
ber in children > 5 years old and adults, and from 2112 in
March to 4040 in August in pregnant women (Additional
file 1: Fig. S3).

Description of time series

All health districts had an annual seasonal component
with the exception of certain districts such as those in
the Lome-commune region (Fig. 2, Additional file 1:
Fig. S4). The number of confirmed malaria cases was in
median higher during or at the end of the rainy season

Table 1 Confirmed malaria cases in Togo from 2008 to 2017 by target group

Year Children <5 years old Children > 5 years old and adults  Pregnant women Overall

2008 78,905 190,445 22,012 291,362
2009 126,783 241,065 25,058 392,906
2010 253,842 339,244 33,736 626,822
2011 217,376 285,424 30,401 533,201
2012 247,266 307,300 30,254 584,820
2013 376,230 495,782 43,105 915,117
2014 423,688 717,7N 56,329 1,197,808
2015 425,733 626,681 54,003 1,106,417
2016 375,929 664,753 58430 1,099,112
2017 420,967 723,114 60,111 1,204,192
Total 2,946,719 4,591,599 413,439 7,951,757

(See figure on next page.)

Fig. 2 Change of the number of confirmed malaria cases according to the month of the year during the period 2008-2017 in Togo. The box plots
represent the distribution of the number of cases for the decade studied, stratified by month. Example of 18 time series in the three target groups.
Time series for children <5 years old, for children > 5 years old and adults, and for pregnant women are presented in the first, second and third

columns, respectively. Time series have different Y-axis scales
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(from May to October in the north and from April to July
and September—October in the south). In the Tone, Oti
and Tandjoare districts of the Savanes region presented
in Fig. 2, the median numbers of confirmed malaria cases
were higher in October in children <5 years old (median:
5517; interquartile range (IQR): 1805-6696), in October
in children >5 years old and adults (median: 862; IQR:
614-1033) and in August in pregnant women (median:
122; IQR: 101-136). Greater variability between years
is often noted for the months with the highest median
numbers of cases. For example, in children <5 years old
of the Est mono district, the IQR of confirmed malaria
cases was 1104 to 2385 in November (month with a high
median: 1943), while it was 229 to 607 in March (month
with a low median: 444).

Seasonal component of time series

The maximum seasonal indices were observed during or
shortly after a rainy season and the minimum seasonal
indices during the dry season between January and April
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in particular (Fig. 3, Table 2). In children <5 years old, the
maximum seasonal indices were observed between May
and November, mainly in June, July and August (for 26
of the 35 health districts) and ranged from 1.17 to 3.07
in the Agou and Tandjoare districts, respectively. For
the districts of the Savanes, Kara and Centrale regions,
malaria transmission was highest in the middle of the sin-
gle rainy season (July—August), while it was highest at the
end of the first rainy season (June—July) in the southern
regions. The minimum seasonal indices were observed
between January and May, mainly in March and April
(for 23 health districts) and ranged from 0.31 to 0.83 in
the Tone district and the District 5, respectively. In chil-
dren >5 years old and adults, the maximum seasonal
indices were observed between June and November,
mainly in October for the districts of the Savanes, Kara
and Centrale regions, in November for the districts of the
Plateaux region, and in June or July for the districts of the
Maritime and Lome-commune regions. Thus, the high-
est malaria transmission was mainly at the end of rainy

A. Children < 5§ years old

Kara Centrale
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B. Children 2 5 years old and adults
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Fig. 3 Seasonal component estimated by the decomposition procedure for each health district in children <5 years old (A), in children > 5 years
old and adults (B), and in pregnant women (C). Filled dots indicate maximum seasonal indices and empty dots indicate minimum seasonal indices.
Target groups have different Y-axis scales
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season (October for the northern regions and July for the
southern regions). The maximum seasonal indices ranged
from 1.15 to 2.28 in the Amou and Tone districts, respec-
tively. In this population, the minimum seasonal indices
were observed in March for 23 health districts and from
January to June for the other districts. The minimum sea-
sonal indices ranged from 0.49 to 0.78 in the Tandjoare
and Wawa districts, respectively. In pregnant women, the
maximum seasonal indices were observed between May
and December and the minimum seasonal indices were
observed between January and July, mainly in March and
April (for 25 health districts). The influence of rainy sea-
son on the number of confirmed malaria cases among
pregnant women was less evident than in other target
groups. The maximum seasonal indices ranged from 1.17
to 1.99 in the Kloto and Tandjoare districts, respectively.
The minimum seasonal indices ranged from 0.55 to 0.85
in the Bassar and Danyi districts, respectively. In children
<5 years old, the ratio of maximum/minimum seasonal
indices was higher in the health districts of the northern
regions than the southern regions. In the three northern
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regions, the number of confirmed malaria cases was mul-
tiplied by 2.31 and up to 9.12 between the month with
the minimum seasonal index and the month with the
maximum seasonal index. The amplitudes were lower
in the three southern regions with a multiplicative fac-
tor between 1.54 and 4.07. This is also observed in the
other two groups but to a lesser extent. For most of the
health districts, this ratio was higher in children <5 years
old than in children >5 years old and adults or pregnant
women.

Trend considerations

A trend of increasing confirmed malaria cases over time
was observed in most health districts (Fig. 4). In the chil-
dren <5 years old, the number of confirmed malaria cases
provided by the trend-cycle component ranged from 2
to 571 in January 2008 and from 37 to 2448 in Decem-
ber 2017 according to the district. In children >5 years
old and adults, the number of confirmed malaria cases
ranged from 54 to 1389 in January 2008 and from 298 to
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3961 in December 2017. In pregnant women, the number
of confirmed malaria cases ranged from 3 to 149 in Janu-
ary 2008 and from 8 to 439 in December 2017 according
to the district.

Sensitivity analysis

The sensitivity analysis did not show major differences
in comparison to the results of the main analysis (Addi-
tional file 1: Fig. S5). However, the months of the maxi-
mum or minimum values of the estimated seasonality
parameters were different for some time series, with a
difference of only 1 month before or after.

Discussion

To our knowledge, this analysis investigated for the
first time the seasonality of confirmed malaria cases
from 2008 to 2017 in Togo, by health district and target
group. This study contributes to a better understanding
of malaria epidemiology in Togo based on data from the
NMCP.

As expected, the number of confirmed malaria cases
increased during or shortly after a rainy season. Malaria
is a vector-borne disease and Anopheles mosquitoes are
sensitive to weather conditions. Rainfall is one of the
known determinants of the malaria seasonality in the
scientific literature, as well as high temperature [13]. In
tropical and holoendemic area in Ghana, Krefis et al
found a strong temporal association between rainfall
and malaria incidence in 1993 children <15 years old
and encouraged the development of early warning sys-
tems using high-resolution precipitation data to forecast
malaria incidence in highly endemic area [22]. Seasonal
variations of malaria were shown throughout the whole
country in Togo, even if they were less evident in some
districts of Lome-commune region. Malaria transmis-
sion is more intense in the northern health districts than
in the southern health districts, especially in children
<5 years old. A study conducted by Diouf et al. used
the Liverpool Malaria Model to explore seasonal and
long-term trends with simulated malaria data and used
observed malaria cases provided by the NMCP of Senegal
for model validation [23]. They concluded that malaria
transmission in West Africa occurs toward the end of
the rainy season, following heavy and frequent monsoon
rains. Malaria transmission also seems to follow the lati-
tudinal rainfall gradient in West Africa, as shown in the
present study. Although a link between rainy seasons and
malaria seasonality seems to be emerging, other factors
may influence malaria transmission such as temperature,
topography of health districts, malaria control activities.
For example, monthly rainfall amounts or the distribu-
tion of SMC in children aged 3-59 months from July
for 3—4 months in the three northern regions of Togo
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(since 2013 in the Savanes region and since 2016 in the
Kara and Centrale regions) could help in the interpreta-
tion of malaria seasonality in Togo. Further analysis of
the factors associated with malaria seasonality in Togo is
needed and will be the subject of a future study.

Furthermore, this analysis reported an increase in con-
firmed malaria cases over time in most health districts
and target groups. This result is consistent with two
studies carried out in Togo, probably due to better reg-
istration of malaria cases and the deployment of commu-
nity health workers (CHWSs) at national level along time
through increased international financial and technical
resources [14, 15]. CHWs were trained to use RDTs to
diagnose malaria in the communities and to treat con-
firmed malaria cases. Widespread deployment of CHWSs
led to better diagnosis of malaria cases and therefore an
increase in registered cases [15]. Another time series
analysis conducted in the Democratic Republic of Congo
from 2005 and 2014 showed an increase in confirmed
malaria cases associated with the introduction of RDTs
[24]. In a spatiotemporal analysis of malaria in the capi-
tal of Burkina Faso, malaria incidence also increased over
the 2011-2015 study period [25].

These findings have important implications for the
NMCP of Togo. Firstly, the programme does not have
tools that take into account malaria seasonality in stock
management so far. The quantification of malaria com-
modities, such as artemisinin-based combination
therapies (ACTs), artesunate injectable, sulfadoxine—
pyrimethamine/amodiaquine, RDTs and LLINs, is car-
ried out at the national level and they are stocked at the
Procurement Centre of Essential and Generic Drugs
(CAMEG) and at regional supply pharmacies. Each quar-
ter, health districts are supplied according to their needs,
based on malaria cases from the previous quarter. How-
ever, it is possible to request more malaria commodities
(antimalarial treatments, RDTs) when the rainy season
arrives. Health districts always have a 3-month safety
stock, which is rebuilt with the next order. These new
indicators of malaria seasonality by health district and
target group could allow for more accurate forecasting
in malaria interventions and supply planning by Togo’s
NMCP throughout the year and ensure the availability of
malaria drugs and diagnostic tests to beneficiaries in each
health facility. The ratio of maximum/minimum seasonal
indices, interpreted as a multiplicative factor of the num-
ber of confirmed malaria cases between the month with
the minimum seasonal index and the month with the
maximum seasonal index, may be a useful indicator to
describe the intensity of malaria transmission and enable
a better quantification of the supply of malaria commodi-
ties in order to avoid stocks-out of these commodities
during periods of high malaria transmission. Secondly,
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this analysis can help the NCMP to guide its malaria con-
trol interventions in specific areas or target groups, and
to reduce the intensity of malaria transmission during the
rainy season. For example, in health districts of high and
seasonal malaria transmission, long-acting ACTs could
be recommended to limit the resurgence of malaria cases
as mentioned by Cairns et al. [26]. Moreover, the distri-
bution of SMC in children aged 3-59 months could be
extended to certain districts of the Plateaux region that
meet the criteria defined by the WHO for the imple-
mentation of this malaria control activity [27]. Con-
firmed malaria cases in the Est mono and Ogou districts
occurred mainly during the rainy season (Additional
file 1: Fig. S4) and their ratio of maximum/minimum
seasonal indices were among the highest in the Plateaux
region with values of 4.07 and 3.02, respectively, reflect-
ing a high seasonal malaria transmission (Table 2). Fur-
ther analysis is probably needed to discuss the eligibility
of these districts for SMC deployment.

This analysis has some limitations. On the one hand,
the stratified analysis by health district did not take into
account the new delimitation of large health districts
since 2013 in order to estimate a 10-year average sea-
sonality. These territories that have been split into two
health areas (Fig. 1) have common malaria seasonality
indicators, which may pose a challenge for a precise pro-
grammatic approach. On the other hand, data were col-
lected and aggregated by target group, and data on age
were not provided. Although the “Children > 5 years old
and adults” group is very heterogenous, it was not pos-
sible to split it into several subgroups. Children, in whom
immunity to malaria is being acquired through repeated
exposure to parasites [28], and adults are not at the same
risk of malaria. The decline in the level of malaria trans-
mission in sub-Saharan Africa [29] is leading to a later
acquisition of immunity to malaria than previously, and
uncomplicated and severe malaria has become more
prevalent in school-age children [30]. In this population,
malaria can impair haemoglobin concentration, school
performance, and cognitive functions caused by either
cerebral malaria or by repeated episodes of uncompli-
cated malaria [30]. School-age children and teenagers are
described as emerging populations at risk by Nkumama
et al. who recommended to extend control malaria strate-
gies focused on children under 5 years old to older age
groups [3]. Two recent meta-analyses published in 2020
showed that preventive treatment of malaria among Afri-
can school-age children was associated with reductions
of Plasmodium falciparum prevalence, anaemia and sub-
sequent clinical malaria across transmission settings [31].
The burden of malaria in school-age children is unknown
in Togo, due to the subdivision of the population into
three target groups. A better understanding of malaria
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prevalence in school-age children is needed to integrate
this population into malaria control strategies.

The use of routine health information system (RHIS)
data needs to be encouraged in a context of limited
resources. In many low- and middle-income countries,
as in Togo, the implementation of a web-based system
called the district health information system 2 (DHIS-2)
is a great opportunity to conduct scientific research, but
RHIS data are still underused [32]. Nevertheless, pro-
gress has been made in the use of these data in the field of
malaria using advanced statistical methods [32, 33].

Conclusions

This first study on malaria seasonality in Togo provides
several epidemiological insights. The number of con-
firmed malaria cases increased during or shortly after
a rainy season. A higher seasonality was shown in the
northern health districts than in the southern health dis-
trict, especially in children <5 years old. In addition, this
study provides indicators of seasonality that can be useful
to the NMCP of Togo in order to target interventions and
avoid stocks-outs of malaria commodities during periods
of high transmission. These first findings call for more in-
depth knowledge of the seasonality of malaria, particu-
larly its link with climatic data.
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Acknowledgements

We thank Dr. Gnamien-Koudou, pharmacist at the National Malaria Control
Programme of Togo, for the information provided on the management of
malaria commodities.

Authors’ contributions

AT, TAB, MR and NV designed the study. TAB, TA and TT collected the data. AT
analysed the data. AT, NB, MR and NV interpreted the results. AT, MR and NV
wrote the manuscript. All authors read and approved the final manuscript.

Funding

This work was supported by the EPIMOD company, the French Association
Nationale Recherche Technologie (CIFRE Grant number 2017/1805), and the
Auvergne-Rhéne-Alpes region (Grant number 19 003721 01).

Availability of data and materials

The data analysed here are the property of the Togolese Ministry of Health
and cannot be made available by the authors. To access the data, interested
parties can get information from the Ministry of Health of Togo.

Declarations

Ethics approval and consent to participate
The study was approved and authorised by the Ministry of Health and Public
Hygiene of Togo. Individual data were not collected.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Université de Lyon, Lyon, France. 2Université Lyon 1, Villeurbanne, France.
3Service de Biostatistique et Bioinformatique, Pole Santé Publique, Hos-
pices Civils de Lyon, Lyon, France. “Equipe Biostatistique-Santé, Laboratoire
de Biométrie et Biologie Evolutive, CNRS, UMR 5558, Villeurbanne, France.
5Epidemiology and Modelling of Infectious Diseases (EPIMOD), Lent, France.
5Programme National de Lutte contre le Paludisme (PNLP), Lomé, Togo.

Received: 5 August 2021 Accepted: 17 November 2021
Published online: 26 November 2021

References

1. Ashley EA, Pyae Phyo A, Woodrow CJ. Malaria. Lancet.
2018;391(10130):1608-21.

2. WHO. World malaria report 2020: 20 years of global progress and chal-
lenges. Geneva: World Health Organization; 2020.

3. Nkumama IN, O'Meara WP, Osier FHA. Changes in malaria epidemiol-
ogy in Africa and new challenges for elimination. Trends Parasitol.
2017,33(2):128-40.

4. WHO. World malaria report 2019. Geneva: World Health Organization;
2019.

5. WHO. Fact sheet about malaria. https://www.who.int/news-room/fact-
sheets/detail/malaria. Accessed 9 Oct 2021.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 12 of 13

Ashley EA, Poespoprodjo JR. Treatment and prevention of malaria in
children. Lancet Child Adolesc Health. 2020;4(10):775-89.

Rogerson SJ, Desai M, Mayor A, Sicuri E, Taylor SM, van Eijk AM. Burden,
pathology, and costs of malaria in pregnancy: new developments for an
old problem. Lancet Infect Dis. 2018;18(4):e107-18.

Snow RW, Sartorius B, Kyalo D, Maina J, Amratia P, Mundia CW, et al. The
prevalence of Plasmodium falciparum in sub-Saharan Africa since 1900.
Nature. 2017;550(7677):515-8.

WHO. Global technical strategy for malaria 2016-2030. Geneva: World
Health Organization; 2015.

. Macharia PM, Giorgi E, Noor AM, Waqo E, Kiptui R, Okiro EA, et al. Spatio-

temporal analysis of Plasmodium falciparum prevalence to understand
the past and chart the future of malaria control in Kenya. Malar J.
2018;17(1):340.

. Landier J, Rebaudet S, Piarroux R, Gaudart J. Spatiotemporal analysis of

malaria for new sustainable control strategies. BMC Med. 2018;16(1):226.

. Grover-Kopec EK, Blumenthal MB, Ceccato P, Dinku T, Omumbo JA, Con-

nor SJ. Web-based climate information resources for malaria control in
Africa. Malar J. 2006;5:38.

. Reiner RC, Geary M, Atkinson PM, Smith DL, Gething PW. Seasonality

of Plasmodium falciparum transmission: a systematic review. Malar J.
2015;14:343.

. Landoh ED, Tchamdija P, Saka B, Tint KS, Gitta SN, Wasswa P, et al. Morbid-

ity and mortality due to malaria in Est Mono district, Togo, from 2005 to
2010: a times series analysis. Malar J. 2012;11:389.

. Bakai TA, Thomas A, Iwaz J, Atcha-Oubou T, Tchadjobo T, Khanafer N, et al.

Changes in registered malaria cases and deaths in Togo from 2008 to
2017.Int J Infect Dis. 2020;101:298-305.

. Central Intelligence Agency. The World Factbook: Togo. https://www.cia.

gov/the-world-factbook/countries/togo/#geography. Accessed 4 Jan
2021,

. World Bank. Population, total—Togo. https://data.worldbank.org/indic

ator/SPPOPTOTL ?locations=TG&view=chart. Accessed 4 Jan 2021.

. Kokou K, Adjonou K, Kokutse AD, Radji AR, Djiwa O, Yatombo T. Pro-

gramme de la Grande Muraille Verte: défis, stratégies et attentes des
acteurs du Togo. In: Dia A, Duponnois R, editors. La Grande Muraille Verte:
Capitalisation des recherches et valorisation des savoirs locaux. Marseille:
IRD Editions; 2012. http://books.openedition.org/irdeditions/3299.
Accessed 7 Apr 2021.

Cleveland RB, Cleveland WS, McRae JE, Terpenning I. STL: a seasonal-trend
decomposition procedure based on loess. J Off Stat. 1990;6(1):3-73.
Willmott CJ, Matsuura K. Advantages of the mean absolute error (MAE)
over the root mean square error (RMSE) in assessing average model
performance. Clim Res. 2005,;30:79-82.

R Core Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2020. https://www.r-proje
ctorg/. Accessed 8 Dec 2020.

Krefis AC, Schwarz NG, Kriiger A, Fobil J, Nkrumah B, Acquah S, et al.
Modeling the relationship between precipitation and malaria incidence
in children from a holoendemic area in Ghana. Am J Trop Med Hyg.
2011,84(2):285-91.

Diouf |, Rodriguez Fonseca B, Caminade C, Thiaw WM, Deme A, Morse AP,
et al. Climate variability and malaria over West Africa. Am J Trop Med Hyg.
2020;102(5):1037-47.

Lechthaler F, Matthys B, Lechthaler-Felber G, Likwela JL, Mavoko HM,

Rika JM, et al. Trends in reported malaria cases and the effects of

malaria control in the Democratic Republic of the Congo. PLoS ONE.
2019;14(7):20219853.

Ouedraogo B, Inoue Y, Kambiré A, Sallah K, Dieng S, Tine R, et al. Spatio-
temporal dynamic of malaria in Ouagadougou, Burkina Faso, 2011-2015.
Malar J. 2018;17(1):138.

Cairns ME, Walker PGT, Okell LC, Griffin JT, Garske T, Asante KP, et al. Sea-
sonality in malaria transmission: implications for case-management with
long-acting artemisinin combination therapy in sub-Saharan Africa. Malar
J.2015;14:321.

WHO. WHO policy recommendation: seasonal malaria chemopreven-
tion (SMCQ) for plasmodium falciparum malaria control in highly seasonal
transmission areas of the Sahel sub-region in Africa. 2012. https://apps.
who.int/iris/handle/10665/337978. Accessed 29 Sept 2021.

Doolan DL, Dobafo C, Baird JK. Acquired immunity to malaria. Clin Micro-
biol Rev. 2009;22(1):13-36.


https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.cia.gov/the-world-factbook/countries/togo/#geography
https://www.cia.gov/the-world-factbook/countries/togo/#geography
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=TG&view=chart
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=TG&view=chart
http://books.openedition.org/irdeditions/3299
https://www.r-project.org/
https://www.r-project.org/
https://apps.who.int/iris/handle/10665/337978
https://apps.who.int/iris/handle/10665/337978

Thomas et al. BMC Infectious Diseases

29.

30.

31

32.

33.

(2021) 21:1189

Noor AM, Kinyoki DK, Mundia CW, Kabaria CW, Mutua JW, Alegana VA,
et al. The changing risk of Plasmodium falciparum malaria infection in

Africa: 2000-10: a spatial and temporal analysis of transmission intensity.

Lancet. 2014;383(9930):1739-47.

Nankabirwa J, Brooker SJ, Clarke SE, Fernando D, Gitonga CW, Schel-
lenberg D, et al. Malaria in school-age children in Africa: an increasingly
important challenge. Trop Med Int Health. 2014;19(11):1294-309.
Cohee LM, Opondo C, Clarke SE, Halliday KE, Cano J, Shipper AG, et al.
Preventive malaria treatment among school-aged children in sub-Saha-
ran Africa: a systematic review and meta-analyses. Lancet Glob Health.
2020;8(12):1499-511.

Hung YW, Hoxha K, Irwin BR, Law MR, Grépin KA. Using routine health
information data for research in low- and middle-income countries: a
systematic review. BMC Health Serv Res. 2020;20(1):790.

Ashton RA, Bennett A, Yukich J, Bhattarai A, Keating J, Eisele TP. Meth-
odological considerations for use of routine health information system
data to evaluate malaria program impact in an era of declining malaria
transmission. Am J Trop Med Hyg. 2017;97(Suppl 3):46-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Seasonality of confirmed malaria cases from 2008 to 2017 in Togo: a time series analysis by health district and target group
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting
	Data source and definition
	Statistical analysis

	Results
	Confirmed malaria cases
	Description of time series
	Seasonal component of time series
	Trend considerations
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


